INTRODUCTION
Sorghum (Sorghum bicolor L. Moench) is the fifth most commonly cultivated cereal crop in the world after wheat, rice, maize, and barley (Poehlman, 1994) . It is adapted to a wide range of agro-ecologies and is produced from sea level to above 2,000 m elevation (Wortmann et al., 2006) . Sorghum has the largest genetic diversity of both cultivated and wild sorghum in Africa (de Wet and Harlan, 1971) . Doggett (1970) reported that the great genetic diversity of S. bicolor was as a result of disruptive selection, isolation and recombination in the extremely varied habitats of northeast Africa and the movement of peoples carrying the species throughout the continent. Watson and Eyzaguirre (2002) reported that genetic diversity is important in continuing the process of evolution, through farmer selection within crop diversity, to obtain suitable types under prevailing conditions and to ensure the crop's ability to adapt to changing conditions or requirements. Genetic diversity, therefore, is the foundation for crop improvement. Dudley and Moll (1969) reported three main phases in plant breeding programmes; namely the identification of the existing genetic variation in the breeding populations, selection of elites from the breeding populations and synthesis of the elite genotypes into a cultivar. Genetic diversity, therefore, provides the raw materials from which desirable alleles for improved agronomic traits of interest can be selected and subsequently incorporated into elite lines. Breeders need to decide on what combinations of traits to breed for, and for what environments; and all these depend on the available genetic diversity that confers the trait diversity in the breeding populations.
Determination of genetic diversity and relatedness has been achieved through use of morphological, biochemical and molecular characterisation approaches (Watson and Eyzaguirre, 2002) . It was reported by Watson and Eyzaguirre (2002) that morphological characterisation is a highly recommended first step that should be made before in-depth biochemical or molecular studies are attempted. This is because of its various advantages, including the published descriptor lists which are readily available for most major crops, ability to be carried out in situ (on-farm), being relatively inexpensive, and relatively easy to carry out. Watson and Eyzaguirre (2002) also reported that PCA of morphological characterisation results, could identify a few key or minimum descriptors that effectively account for the majority of the diversity observed, saving time and effort for future characterisation efforts. Bernardo (2010) reported that phenotypic characterisation is a quick tool in analysing the relative magnitude of additive, dominance and epistatic effects across unknown loci, without analysing for genotypic values of marker loci or quantitative trait loci.
In the highlands of southwestern Uganda, Nabimba et al. (2005) reported that, over 95% of the households grew sorghum for varying end uses that included production of alcohol, sweet beverage and local bread. Mbabwine et al. (2004) reported of the existence of many sorghum landraces in southwestern highlands of Uganda, which had never been characterised. Mbeyagala et al. (2012) in their study of molecular diversity among Sorghum landraces in Uganda, excluded sorghum in southwestern highlands of Uganda. So far, there is no available literature indicating previous characterisation of sorghum in the southwestern highlands of Uganda. The objective of this study, therefore, was to assess the existing genetic diversity among sorghum landraces in this agro-ecological zone zone so as to guide their future improvement and conservation strategies.
MATERIALS AND METHODS
The study area, the southwestern highlands of Uganda comprising of Kabale, Kisoro, Kanungu and Rukungiri districts, lie at 01 15 37S, 29 58 43E, and altitudes ranging from 1,100 to 4,000 m above sea level, with mean annual rainfall ranging from700 to 2100 mm. The rainfall is bimodal and precipitation is usually gentle and evenly distributed. (Gerik et al., 2003) .
Data collection.
Qualitative data on panicle shape and compactness, grain colour and shape, dorsal view, grain shape profile view, grain covering (%), glume hairiness, glume colour, threshability, peduncle exertion, peduncle shape, leaf midrib colour and number of grains per glume were collected, on five randomly selected plants from middle rows in each plot, following sorghum descriptors (Bioversity International, 2010) . From the same plants, quantitative data were recorded on days to 50% flowering, plant height, number of leaves, length and width of third leaf from top of each sampled plant, stem girth, exsertion length, peduncle length panicle length and width, panicle weight, and 100-seed weight. Days to 50% flowering were counted from the day of sowing to when 50% of the plants had entered flowering stage, manifested by the appearance of yellow anthers on the tip of the panicle (Gerik et al., 2003) . Plant height was taken from the base of the plant to the tip of the head at physiological maturity attained when a black-layer appeared above the point of grain attachment in the floret near the base of the grain (Gerik et al., 2003) . Number of leaves was determined by counting all leaves from first to the flag leaf. Leaf length data were taken from the base to tip of the leaf, leaf width on the widest part of the same leaf, exertion length from ligule of flag leaf to base of panicle; and peduncle length from the last node of the stalk to the base of the panicle. Panicle length was recorded by measuring each panicle from its base to its tip, with its width measurements recorded at the widest part in natural position. Panicle and 100 seeds weight were taken after harvest. Panicle weight was used to determine yield per hectare by multiplying the average grain weight per panicle with the total number of plants in a hectare, at the plant spacing of 20 cm by 60 cm. Fernandez et al. (2012) , in their study on grain sorghum response to row spacing and pant populations in the Texas coastal bend region used average sorghum yield per plant in estimating yield for the entire hectare.
Data analysis. Qualitative data were converted into scores by assigning each qualitative trait category a numerical value (Bernardo, 2010) . Each studied sorghum variety was considered as a measurement unit and qualitative traits as measured or observed variables. For traits that exhibited variations within varieties, a dominant form of the trait was considered to represent that variety. Frequencies of occurrence of each qualitative trait were computed, using Microsoft Excel computer programme, and their percentages recorded. Quantitative data were analysed using mean as a measure of central tendency, and coefficient of variation as a measure of dispersion.
In order to determine the patterns of relationships between the evaluated sorghum landraces, Cluster Analysis using the unweighted Pair-group Method, using arithmetic averages (UPGMA) (Hair, 1995) was done, using the General Statistics (GenStat 14 th Edition).
Clustering was based on Euclidean Distances among different sorghum landraces. In order to identify traits responsible for the largest variation, leading to different groupings in a dendrogram, Analysis of Variance (ANOVA) for the groups was carried out (Gelman, 2005) . In order to identify the key contributors that effectively accounted for the majority of the observed diversity, Principal Component Analysis (PCA) was conducted (Jackson, 1991) for combined quantitative and qualitative data, and results of the first two PCs were used to generate a scatter plot based on PC coefficients (using GenStat 14 th edition) as the first two PCs were reported by Jollie (2002) to account for the maximum amount of variation.
RESULTS
Qualitative traits. Morphological characteristics on the 47 sorghum landraces are presented in Table 1 . There was high variability among 10 qualitative traits. The widest variability was recorded in panicle shape and compactness, with 53.1% of the evaluated landraces having semicompact elliptic panicles. Grain was predominantly orange in colour, shaped convex when observed from dorsal view, and circular from profile view. Most of the cultivars had grain covered by glume to 50% level. Low haired and black glumes were observed in majority of the cultivars. Grain threshability was easy in most of the cultivars, with majority having erect peduncles. Leaf midrib colour and seeds per glume showed no variability Quantitative trait variation. The results of descriptive statistics for quantitative traits are presented in Table 2 . Exertion length, panicle weight, grain yield, plant height and panicle length were among the quantitative traits that showed high variability. Days to 50% flowering had the least variability. The results of UPGMA hierarchical cluster analysis, based on both qualitative and quantitative traits are presented in Figure 1 . All cultivars clustered into three groups at 82.5% similarity levels, with the smallest group having two cultivars. The largest group had 25 cultivars. Traits that caused the observed clustering are presented in Table 3 . Panicle weight, leaf width, stem girth, exertion length, peduncle length, panicle shape and compactness, glume colour and threshability significantly caused the observed clustering (P<0.001).
Results of PCA are presented in Table 4 . Seven PCs with Eigen values greater than one, accounted for 73.84% of the total variation. The first two PCs accounted for the largest variability (38.93%). The first PC accounted for 27.49 % of variation and was loaded on exertion length, panicle weight, stem girth, width of third leaf from top and grain yield. Principal component 2 (PC2) accounted for 11.44% and was loaded on grain colour, peduncle shape, and plant height. Results of the scatter plot from the first two PCs are presented in Figure 2 . The results indicated that the scattering of cultivars generally followed a similar trend with what was observed in the dendrogram (Fig. 1) under cluster analysis. For instance, cultivars 32 and 33, and cultivars 1 and 3 were grouped together in both the dendrogram (Fig. 1) and PCs plot (Fig. 2) . Results of leaf midrib colour and seeds per glume were not included in the results of ANOVA (Table 3) and PCA (Table  4) because they showed no variability.
DISCUSSION
Qualitative traits. Variation in panicle morphology (Table 1 ) was a clear indicator for the existence of different sorghum races in this area. Harlan and De Wet (1972) classified sorghums into five races, bicolor, caundatum, kafir, durra and guinea with their hybrids on the basis of panicle, grain and spikelet morphology. Variation in panicle morphology also suggested cross pollination between cultivars growing together and a possibility of mutations. These races have overtime been subjected to farmer's selection based on perception for yield, adaptation and quality traits; giving rise to the variation exhibited in cultivar frequencies.
According to the principles of artificial selection (Yamasaki et al., 2007) , cultivars with preferred traits are selected by farmers, hence, their increased proportion relative to other cultivars. This may be the reason why 53.2% of the genotypes assessed had semi-compact elliptic panicles. The same reasons could have Number of grains per glume Single 2 100 *Scoring was done based on standard sorghum descriptors (Bioversity International, 2010) . Whereby: 1 = Loose stiff branches, 2 = Loose drooping branches, 3 = Semi-loose stiff branches, 4 = Semi-loose drooping branches, 5 = Semi-compact elliptic, 6 = Compact elliptic, 7 = Compact oval and 8 = Semi-compact oval led to the observed variation among other key qualitative traits, including grain colour. Grain colour, for instance, was predominantly orange and red because farmers associated them with good culinary qualities for making alcoholic and sweet beverage (House, 1985) . Indeed, farmers in the highlands of southwestern Uganda were reported to grow sorghum largely for the production of alcoholic drinks and sweet beverages whose superior qualities are linked to orange and red sorghum grains (Nabimba et al., 2005) . White sorghum landraces were the least grown because they were reported not produce the preferred alcoholic drinks and sweet beverages and were highly susceptible to bird's damage, resulting into reduced yield (Mbabwine et al., 2004) . Less variability among some traits such as glume colour, glume coverage, glume hairiness, grain shapes, threshability and peduncle exertion revealed that the genes controlling these traits were tending towards fixation as a result of farmers' selection. Lack of variability among midrib colour and number of seeds per glume (Table 1) meant that the genes controlling these traits were already fixed, implying that only their respective gene variants were present in the populations. Less or lack of variability could have been the result of excessive conscious selection, in which farmers preserved the most valued, and discarded genotypes with less valued traits.
Valued traits, therefore, ended up increasing in the population and may have led to their fixation. Zohary (2004) reported that in conscious selection, desirable phenotypes are selected, while less desirable phenotypes are neglected or actively removed leading to their frequency decreasing in the population. This, according to Darwin (1875) could also gradually produce unintended reduction in variation in traits associated with those characters that were consciously selected for. For instance, farmers consciously selecting for good culinary qualities aimed at making good alcoholic beverages, may end up affecting grain colour which is always associated with culinary qualities. Less variability could also have been brought about by mutation in which case, a mutant gene, having a positive selection was slowly replacing the other forms of the gene. Under positive selection, certain factors in the environment apply consistent pressure over generations in favour of a mutant gene (Hartl and Clark, 2007) . If mutation happens to be beneficial to the species, it will spread to the population immediately by selection (Nielsen, 2005) . Lack of variability, on the other hand, could mean that the mutant gene had already replaced all other variants of the gene. Kimura (1983) reported that fixation of the gene is dependent on selection coefficients and chance fluctuations in allelic proportions. Innan and Kim (2004) reported that during crop domestication, strong selective pressure cause traits of interest to be fixed in founder populations in quite a short time. Clearly, variable social habits concerning the use of sorghum acting on the principles of artificial selection together with forces of natural selection, could have contributed to the observed trait variations in the sorghum land races in the southwestern highlands of Uganda.
Quantitative traits. The high coefficient of variation values for different quantitative traits, except days to 50% flowering (Table 2) , could be an indication of high variability that exists in the genes of the evaluated sorghum cultivars. Coefficient of variation is an ideal device for comparing the variation in a series of data measured in different units and that the higher the CV, the greater the dispersion in the variable (Tian, 2005; Mohmoudvand et al., 2007) .
The observed high variability is an indicator of the high variation in genes controlling their expression. This high variability offers diverse parental combinations, resulting in progenies with maximum genetic variability for further selection (Barrett and Kidwell, 1998) . Superior cultivars among the materials could form the breeders' initial material for developing cultivars.
The observed high variability for panicle length, width and weight; grain yield, exertion length, peduncle length, width and length of third leaf from top and stem girth were similar to earlier reports in sorghum by Elangovan et al. (2013) and Dossou-Aminon et al. (2015) . Less variability in days to 50% flowering (115 to 130 days, CV 3%) could mean that farmers have overtime, been selecting cultivars that fit in the same growing season. The 15 days flowering differences observed between the earliest and the latest cultivars in this study, imply that all the evaluated sorghum cultivars fit in the same growing season. The 15 days differences though is so critical, especially when faced with acute water stress (Rooney, 2004) . Cultivars that do not fit within the major sorghum growing season (early or late) may face a challenge of birds' damage, since birds concentrate on the cultivars that tend to mature outside the normal season (House, 1985) . Cluster analysis grouped the 47 cultivars into three groups (Fig. 1) . The more the cultivars grouped together to the right of the dendrogram near 100% similarity (such as cultivars 39 and 40), the more similar and genetically closer to each other they were. On the other hand, cultivars that clustered to the left of the dendrogram, far from the 100% (for instance cultivars 30 and 34), were different and genetically distant from each other (Fig. 1) . ANOVA using means of cultivars per cluster identified which traits greatly contributed to the observed variation and clusters formed. ANOVA using means of cultivars per cluster (Table 3) identified which traits greatly contributed to the observed variation and clusters formed. This information could be useful in sorghum improvement when selecting suitable parents with appropriate trait variability, depending on the objectives of the improvement programme.
PCA was able to identify few key traits that accounted for the largest variability (Table 4) . Sharma (1998) reported that PCA reflects the importance of the largest contributor to the total variation at each axis of differentiation. It was further reported by Fenty (2004) that PCA reduces a large set of variables to come up with smaller sets of components that summarise the correlations. In this study, the traits revealed by the first two PCs account for the largest variability (Table 4) and were similar to those identified under cluster analysis using ANOVA (Table 3) . A scatter plot from the first two PCs (Fig. 2) generally grouped the cultivars in a similar way to cluster analysis (Fig. 1) , using the entire data from all the traits. This showed that PCA is a reliable method in identifying few key traits contributing to the largest variation and could be a reliable method in predicting the important traits influencing clustering of different cultivars observed in Figure  1 under cluster analysis.
